In this review, the anatomy and physiology of the venous system and its pathophysiology are described. Theories regarding the possible causes of disturbances in venous microangiopathy are summarized. The theories concern the deoxygenation of red blood cells, arteriovenous shunts, fibrin cuffs, and the trapping of growth factors and/or white blood cells. Furthermore, microlymphatic, neurologic and hemorheologic disturbances in venous disease are outlined. Findings in venous microangiopathy obtained from histology, capillary microscopy, microlymphography, laser Doppler fluxmetry and transcutaneous oxygen partial pressure are detailed. Finally, the recently discovered pattern of perfusion in microcirculation within and around venous ulcers is discussed.
Introduction
Chronic venous insufficiency is frequently encountered in clinical practice. The prevalence of ulcers, most of them caused by venous disorders, is reported to range between 0.148% and 0.18%. 1, 2 Furthermore, 2% of the healthcare budget in the United Kingdom is spent on chronic venous insufficiency every year. 3 Despite the immense socioeconomic significance of this condition, the pathogenesis of skin changes in chronic venous insufficiency is not entirely clear. This article provides a brief review of theories dealing with the pathogenesis and findings of microcirculation in venous disease. Finally, patterns of microcirculatory perfusion within venous ulcers are discussed. 4 plexus anastomoses with another venous plexus located in the intermediary dermis. Blood is eventually transported to a deeper venous plexus underneath the dermis. Vessels in microcirculation differ in size and wall structure. Size and smooth muscle thickness increase with the distance from capillaries, while the capillaries themselves have no muscle cells.
Macrocirculation
Venous macrocirculation of the lower extremity consists of superficial and deep veins which are connected by communicating veins. Superficial veins, namely the long and short saphenous veins, originate from the dorsal venous arch of the foot. Deep veins include the paired anterior, posterior tibial veins and the paired interosseal veins. More proximal deep veins form the popliteal vein. Further cephalad, the popliteal vein continues as the superficial femoral vein. At the femoral bifurcation the superficial and profound femoral veins merge to form the common femoral vein. In the pelvis, the common femoral vein is named the external iliac vein. Communicating veins between the superficial and deep venous system transport blood from the superficial to the deep venous system by means of valves. Similar valves in the superficial and deep veins cause blood to move in a cephalad direction only.
Physiology
In healthy individuals (Figure 1a ), blood in the leg veins is propelled cephalad by the simple mechanism termed the venous calf muscle pump. In the upright position, at rest, pressure in the superficial and deep venous system is similar to the hydrostatic pressure exerted by blood. When calf muscles contract (calf muscle pump), deep veins are compressed and blood is forced cephalad while venous reflux is prevented by the venous valves. Valves in communicating veins prevent ejection of blood into the superficial veins. 6 After calf muscle contraction, pressure in the deep venous system decreases. Owing to the difference in pressure, blood flows from the superficial veins where the press- ure remains high, to the deep venous system. This blood flow finally causes a drop in superficial venous pressure.
Pathophysiology

Chronic venous insufficiency
Chronic venous insufficiency is caused by three different mechanisms. The first is incompetence of valves in superficial, deep or communicating veins ( Figure 1b) . The second is a relevant obstruction of venous drainage ( Figure  1c ). The third is an arteriovenous fistula, which also leads to an increase in venous pressure ( Figure 1d ). Each of these mechanisms causes high venous pressure to be maintained during walking, as a result of disturbance of the calf muscle pump. 7 This chronically elevated venous pressure in the superficial venous system is passed on to the microcirculation and eventually results in venous microangiopathy. However, the detailed mechanisms of the pathogenesis of venous microangiopathy have not yet been fully clarified. Potential mechanisms or theories are described in the following section and shown in Figure 2 .
Stasis -deoxygenation theory
In 1917, John Homans wrote: 'It is to be expected % that skin which is bathed under pressure in stagnant venous blood will form permanent, open sores or ulcers'. 8 Homans believed that stagnation of blood would lead to deoxygenation of red blood cells ( Figure 2 ). Deoxygenated blood might not sufficiently supply tissue with oxygen, which could result in hypoxia. Hypoxia of tissue would finally be followed by skin necrosis. However, this theory was soon disproved, when Blalock found an even higher oxygen content in the blood of varicose femoral veins compared with that in the clinically unaffected contralateral limbs. 9
Arteriovenous shunt theory
The high oxygen content was attributed to arteriovenous shunts ( Figure 2 ). 10 However, such arteriovenous shunts have neither been demonstrated nor disproved until now. Moreover, no difference in shunt volumes between patients with varicose veins and controls were found by the use of microspheres. This finding makes the existence of arteriovenous shunts unlikely. 11
Fibrin cuff theory
The capillaries of patients with chronic venous insufficiency have an increased permeability to large molecules as a result of stretched interendothelial pores. [12] [13] [14] Increased permeability leads to accumulation of fibrin in the pericapillary space, a phenomenon first described by Browse and Burnand in 1982 and termed pericapillary 'fibrin cuffs' (Figure 2 ). 15 Furthermore, it was postulated that these fibrin cuffs may be lysed more slowly due to disturbed fibrinolysis in venous disease. 16, 17 The persistence of the slowly cleared fibrin cuffs acts as a barrier to the diffusion of oxygen and other substances. 15 Besides, it is likely that the presence of fibrin inhibits the production of collagen in fibroblasts. Moreover, its presence may contribute to the maintenance of the inflammatory process as observed in lipodermatosclerosis. 18 The fibrin cuff theory has been clinically underlined by a preliminary report showing that stanozolol, an androgenic steroid with fibrinolytic activity, has a beneficial clinical effect in patients with chronic venous insufficiency. 19 However, other studies investigating this agent were less encouraging. 20 Furthermore, fibrin cuffs were later shown to be in a discontinuous thin layer around capillaries, thus making them unlikely to act as a barrier to diffusion. 21 Likewise, the low transcutaneous oxygen partial pressure (tcpO 2 ) in legs with chronic venous insufficiency was sometimes attributed to the presence of fibrin cuffs. 22 However, tcpO 2 is usually measured after heating the skin to 43-45°C. Therefore, such measurements may rather reflect the ability of microcirculation to respond to skin heating than the oxygen supply of skin. In fact, tcpO 2 determined at 37°C turned out to be similar or even higher in lipodermatosclerotic skin or on the edges of venous ulcers than that in normal skin. 23, 24 Moreover, the topical application of xenon-133 in skin suffering from venous disease yielded a similar clearance as in controls. 25 Finally, in clinical studies, ulcers were shown to heal despite the existence of fibrin cuffs. 26 Today, there is no doubt about the existence of fibrin cuffs: they are regarded as signs of endothelial damage or dysfunction. However, it is questionable as to whether they could be a barrier to diffusion.
Growth factor trapping theory
Closely related to the fibrin cuff theory was Falanga's hypothesis published in 1993, according to which fibrin and other macromolecules 'trap' growth factors as well as stimulatory and homeostatic substances (transforming growth factor-beta, alpha2-macroglobulin, factor XIIIa) ( Figure 2 ). The trapping of these growth factors and other substances makes them unavailable for the repairing process of tissues. 27 Disturbance of the repairing process is assumed to cause skin alterations characteristic of chronic venous insufficiency.
White cell trapping theory
According to this theory, blood cells are considered to be involved in venous microangiopathy. In a clinical study, Moyses et al observed a relative rise in hematocrit from 41% to 51% after dependency of legs. 28 This rise was explained by the loss of fluid into perivascular space. Interestingly, white blood cell and platelet count did not increase in the same fashion as did hematocrit. This was assumed on the basis of a 25% 'loss' in white blood cells and platelets 'somewhere in the leg'. 29 This loss of white blood cells caused Coleridge Smith et al to postulate the theory of 'white cell trapping' (Figure 2 ). 30 They assumed that decreased flow, especially in the vessels of patients with chronic venous insufficiency, induces white cell adhesion to the endothelium. 31 White blood cells adhere to the endothelium, which was considered to be the explanation for the loss of white blood cells. Furthermore, white blood cell adhesion is supposed to lead to a reduction in capillary diameter or to occlusion of microvessels, which might further diminish capillary flow. These occlusions might explain the thrombosed capillaries described by Bollinger and his group. 32, 33 Adhesion to the endothelium itself leads to migration of white blood cells out of the vessels; predominantly through postcapillary venules. 34 Moreover, adhesion results in the activation of endothelial and white blood cells. Activated endothelial cells release chemotactic factors such as factor VIII-related antigen and endothelial leukocyte adhesion molecules (ELAM-1), thus attracting all classes of white blood cells. 3 Activated white blood cells degranulate and discharge proteolytic enzymes and superoxide radicals. This was proven by elevated levels of plasma neutrophil elastase, lactoferrin, and by an elevated expression of CD11b in neutrophil cells. 35, 36 Proteolytic enzymes and superoxide radicals are known to damage endothelial cells. Such damaged endothelial cells have an increased permeability. Increased permeability proteins and the movement of fibrin into the extravascular space results in tissue injury. This part of the white cell trapping theory parallels the fibrin cuff theory. 15
Hemorheologic changes
Plasma fibrinogen levels were found to be increased in patients with chronic venous insufficiency. 37 Elevated levels of plasma fibrinogen are also a common finding in patients with deep vein thrombosis ( Figure 2 ). In patients with lupus anticoagulants as well, a history of deep vein thrombosis is associated with high levels of fibrinogen. 38 It may well be that the combination of raised levels of fibrinogen and hematocrit leads to hemorheologic alterations and to thrombosis in microvessels. This tendency may even aggravate the effect of white cell adhesion and occlusion of microvessels suspected in the white cell trapping theory. 30 
Microlymphatic injury
Besides these hemorheologic alterations, microlymphangiopathy has been described in conjunction with venous disease ( Figure 2 ). Microlymphangiopathy is characterized by fragmentation and destruction of the microlymphatic network and by cutaneous reflux. 39, 40 However, microlymphangiopathy is considered to be a consequence rather than a cause of microcirculatory disorders in venous disease.
Neurologic changes
In addition, disturbed function of nerve fibers was demonstrated by increased thresholds for skin warming and vibration. 41 The impairment of nerve function may well be of pathogenetic importance ( Figure 2 ) because microangiopathy in chronic venous insufficiency is similar to that in diabetes mellitus. 42 At least in diabetes mellitus, neuropathy is thought to play a major role.
Histology
In electron microscopy of skin biopsies of patients with chronic venous insufficiency, changes in blood vessels in the lymphatic network and in connective tissue were found. The blood vessels showed occluded lumina, thickening and reduplication of basement membranes, irregular endothelial surfaces, cell edema and widening of interendothelial spaces. Furthermore, abundant Weibel-Palade bodies and multivesicular bodies were seen. 12 Endothelial cells were found to increase their production of ELAM-1 and factor VIII-related antigen. 3, 43 Lymphatic microvessels were described to have collapsed lumina, numerous and complex interdigitations between lymphatic endothelial cells, a lack of open junctions and a derangement of anchoring filaments. Connective matrix in venous disease exhibits fibrosis and dense bundles of collagen and elastic fibers. 12, 44 In pericapillary spaces, collagen type IV, laminin, fibronectin, macrophages and T-lymphocytes have been observed. 45, 46 
Findings in microcirculation
The most frequently applied methods for the examination of microcirculation are capillary microscopy, fluorescence microlymphography, laser Doppler fluxmetry and the measurement of transcutaneous oxygen partial pressure. Findings in chronic venous insufficiency using these methods are summarized in Table 1 and in the following section.
Capillary and fluorescence microscopy
Capillary microscopy is an atraumatic method of studying nutritive skin microcirculation. The equipment used is composed of a light microscope with epi-illumination. Via a digital video camera, microscopic images are shown on a Low, but usually oxygen partial gaiter region often 0 mmHg not zero pressure television monitor. The capillary microscopic equipment used in our laboratory is similar to that used by Bollinger and his group and has been described previously. 4, 47, 48 Capillary microscopy is used by means of either native or fluorescence microscopy. On native microscopy the capillaries themselves are invisible, but columns of red blood cells provide an indirect impression of their morphology. Capillaries can be visualized by intravenous application of dyes as is done in the technique of fluorescence microscopy. In addition, fluorescence microscopy improves the contrast of images and allows assessment of transcapillary diffusion. Transcapillary diffusion can be further quantified by additional densitometric measurements. 47 Normal capillaries of nail folds and lips are horizontally oriented. They are located in parallel rows just underneath the surface of skin. In the remaining regions of the body, capillaries are arranged in a vertical fashion. In vertical arrangement, only the apical parts of capillaries are close enough to the surface of the skin to be seen; they appear as dots or commas. In normal individuals, 30-50 vertically oriented capillaries are found per square millimeter. 47, 49 Horizontally oriented capillaries are shaped like hairpins. Fluorescence microscopy demonstrates even more capillaries and permits investigation of the morphology of their walls. Furthermore, in normal individuals, the pericapillary space stained by sodium fluorescein is clearly outlined. 47 The mean time between the injection of sodium fluorescein and appearance in the field of observation is approximately 50 s, and the mean time between the appearance of the fluorescent dye at the observation site and filling of capillaries is approximately 16 s. 50 Vascular Medicine 2001; 6: 169-179 Native or fluorescence capillary microscopy has been applied in several studies dealing with microangiopathy in chronic venous insufficiency. In mild chronic venous insufficiency, native capillary microscopy shows discrete morphologic changes of capillaries alone (Figure 3a) , for example, moderate dilatations and increased tortuosities. Further augmentation in ambulatory venous hypertension leads to more enlarged and tortuous capillaries 14 (Figure  3b ). Probably the most striking change in this stage of chronic venous incompetence are enhanced diameters of pericapillary spaces, the so-called halos. 51 These enlarged halos indicate increased transcapillary diffusion, which has been described earlier in the section concerning the fibrin cuff theory. 15 This leads to a cobble-stone appearance, as borders of halos are pigmented and a large variation in terms of size is seen (Figure 3c ). 50, 51 In severe chronic venous incompetence, capillary density is reduced. The decrease in capillary density can be explained by occlusions of capillaries by white blood cells and hemorheologic disturbances (see earlier). 30, 37 In most poorly compensated areas such as white atrophy, only a few or no capillaries, so-called avascular fields, are found ( Figure 3d ). In such areas, Franzeck et al described a tcpO 2 , which is known to be closely correlated with capillary densities of almost 0 mmHg. 52 In a recent study by our group, a further classification of poorly compensated areas was found in venous ulcers. Capillary density is heterogeneously distributed even within venous ulcers themselves (Figure 4 ). In areas without granulation tissue almost no capillaries are seen, whereas in granulation tissue areas only a few enlarged capillaries are found, which could be interpreted as the capillary sprouts described earlier. 53, 54 They are embedded in heavy microedema. Besides, avascular areas and necrotic material are seen. The latter appear as numerous black dots or clusters of necrotic material (Figure 3d ). 4 Similar capillary alterations in toenails were reported to relate to the stage of chronic venous insufficiency and to be, at least in stage I, more severe in legs with primary varicosity than in postthrombotic syndromes. 55 Native capillary microscopy is also applied for examination of mechanisms controlling perfusion in the microcirculation. One of these mechanisms induces a decrease in capillary density by postural change from supine position to leg dependency. This mechanism is known as the postural vasoconstrictor response. In chronic venous insufficiency, some authors found no decrease in capillary densities after leg dependency in contrast to those in controls. 56 Others even observed an increase in the number and diameter of capillary loops in the gaiter area after leg dependency. 57, 58 A lack of decrease or an increase in the number of visible capillary loops may be interpreted as a loss of the postural vasoconstrictor response.
Fluorescence microscopy provides striking findings even in mild chronic venous insufficiency. In some areas of mildly affected legs, the diffusion of sodium fluorescein and its pericapillary accumulation is increased. 51, 59 It seems paradoxical that, in severe chronic venous insufficiency, pericapillary accumulation of sodium fluorescein has been reported to be decreased. 60 The explanation may be that, in severe cases, some capillaries are not perfused by fluorescent dyes because of thrombotic occlusions. 60 Moreover, in severely affected avascular areas such as the center of white atrophy, the time to peak concentration of the fluorescent dye is prolonged (30-40 min). 13, 52 The prolonged transport time of fluorescent dyes reflects the poor perfusion of such areas.
Fluorescence microlymphography
In fluorescence microlymphography, lymphatic microvessels are visualized by the use of FITC-dextran, a fluorescent dye. 61 Subepidermally injected FITC-dextran fills lymphatic microvessels. In normal individuals, a homogeneous network of lymphatic capillaries without occlusions is seen and usually FITC-dextran is exclusively accumulated in the network. 47 In mild and severe chronic venous insufficiency, the area of the lymphatic network stained by the fluorescent dye is enlarged. 39 In addition to the enlargement of the stained network, occlusions and fragments of lymphatic capillaries are found in mild chronic venous insufficiency. In severe venous incompetence, lymphatic capillaries are not filled by the dye. Instead, dye flows to deeper channels. Furthermore, the cutaneous reflux, an increased permeability of lymphatic vessels and a reduced number of collecting channels are found. 40
Laser Doppler fluxmetry
A laser Doppler fluxmeter is a non-invasive medical device that measures local tissue perfusion. The most frequently used wavelengths of the laser beam are 632 nm and 780 nm. By interaction with moving blood cells, the laser beam is frequency-shifted and backscattered. In a laser Doppler, the backscattered laser beam is transformed to a signal, Vascular Medicine 2001; 6: 169-179 which is the laser Doppler flux. The laser Doppler flux represents concentration multiplied by the median velocity of moving blood cells. It is expressed in arbitrary units (AU). 62 Laser Doppler flux is either shown in the form of fluxtime diagrams in conventional, single/multi-channel laser Doppler fluxmetry, or in two-dimensional color-coded images in the case of laser Doppler imaging. Colors of such images represent individual levels of tissue perfusion at different sites 63, 64 (Figure 5; see page 171 ). The exact sampling depth of laser Doppler is still unknown, but it is assumed to be about 68-233 m. 62, 65 Due to this large penetration depth, flux measures flow in the nutritive (capillaries) and subpapillary network of the microcirculation -pre-and postcapillary plexuses. In accordance with the quantity of blood flowing through the two different networks, laser Doppler flux in healthy skin is composed of less nutritive than subpapillary flow (15%:85%). 66 Laser Doppler flux is well correlated with ambulatory venous pressure, 67 but not with tcpO 2 because of the different sampling depths of laser Doppler fluxmetry and tcpO 2 . 68 Laser Doppler fluxmetry is used for measurements at rest (genuine laser Doppler flux, frequency analysis), and during provocation tests. In normal individuals, the laser Doppler flux is characterized by large inter-and intraindividual variations, though mean flux at the gaiter region was reported to be 3.9 Ϯ1.5 AU at rest. 50 Vasomotion is related to alterations in the laser Doppler flux in respect of amplitudes and frequencies. Physiologic vasomotion shows high quantities of low-frequency waves. Similar to investigations performed with native capillary microscopy as described above, a decline in flow after leg dependency due to the vasoconstrictor response induces a reduction in the laser Doppler flux. 25 Even in young healthy individuals, laser Doppler flux is lower in the gaiter region than over the shin or the dorsum of the foot. This low laser Doppler flux may be an early sign of a predilection area for ulcer formation in oncoming decades. 69 If chronic venous insufficiency is obvious, resting laser Doppler flux of the lower extremity is higher in a supine or standing position than in controls or in patients with arterial occlusive disease. Such a high laser Doppler flux at rest is not only found in mild to moderate skin changes, but also in venous ulcers. 33, [70] [71] [72] [73] In a recent study, venous ulcers themselves were examined by means of laser Doppler perfusion imaging, 4 and a heterogeneous laser Doppler perfusion in venous ulcers and the surrounding skin was found ( Figures 5 and 6) . In venous ulcers, regions with granulation tissue showed a relatively high flux, similar to that described in the skin in cases of chronic venous insufficiency. In ulcer regions without granulation tissue, lower levels of laser Doppler flux than those with granulation tissue were seen. These low levels were similar to those found in the scars at the ulcers' borders. In skin located 15 mm or further from the ulcers' borders, a high laser Doppler flux, as described in the studies mentioned above, was registered. Some authors described the elevation of laser Doppler flux in venous disease to be due to equal increases in the concentration and velocity of moving blood cells. 74 Other authors established the increased velocity of blood cells as the only cause of an elevated laser Doppler flux. 75 Chronic venous insufficiency turned out to affect vasomotion as well. Modified vasomotion is followed by alterations in the waveforms of laser Doppler velocime- try. In lipodermatosclerosis, for example, a greater vasomotor frequency and amplitude than in controls was observed. 50, 76 Among several provocation tests, the following were used to examine patients suffering from chronic venous insufficiency: postural maneuvers, external calf compression, postocclusive reactive hyperemia, skin heating and axon reflex-mediated vasodilatation. The most frequently applied provocation test was the postural maneuver of leg dependency following a supine position. Perfusion during leg dependency was investigated by means of conventional, double-wavelength laser Doppler fluxmetry and laser Doppler imaging. Investigations included patients with mild and severe chronic venous insufficiency as well as superficial and deep chronic venous insufficiency. Some authors found a decrease in laser Doppler flux in conjunction with leg dependency, which was interpreted as a sign of an intact postural vasoconstrictor response. 33, 50, 57, [77] [78] [79] However, others found an impaired postural vasoconstrictor response. 69, 70, 72, 73, 80, 81 Nevertheless, postural vasoconstrictor response was well correlated with ambulatory venous pressure. 67, 82 A similar postural maneuver is the elevation of legs, which results in an increase in the laser Doppler flux in patients with lipodermatosclerosis. 75 Moreover, artificial external calf compression was provoked by the use of cuffs. Due to artificial external pressure on legs with chronic venous insufficiency, the laser Doppler flux was observed to increase until cuff pressures of 40 mmHg in supine and 60 mmHg in leg dependency were seen. This increase was mainly caused by changes in blood cell velocity. Higher cuff pressures yielded unaltered or reduced laser Doppler flux values in chronic venous insufficiency when compared with controls. 83, 84 Reactive hyperemia following arterial occlusion for 3 min was altered by artificial venous hypertension due to calf compression with external Vascular Medicine 2001; 6: 169-179 cuffs. Additionally, reactive hyperemia turned out to be of prognostic relevance in respect of the development and healing of venous ulcers. 85, 86 In healthy controls, local skin heating to 44°C is followed by an increase in the laser Doppler flux. However, this increase is lower in patients with venous ulcers, due to high laser Doppler values measured at the beginning (32°C). 23 This lesser increase correlated with the degree of ambulatory venous hypertension. 67 Finally, laser Doppler flux measurements of axon reflexinduced vasodilatation in feet with varicose leg ulcers in elderly patients was found to be reduced. 87 Transcutaneous oxygen partial pressure (tcpO 2 ) A polarographic, a modified Clark-type electrode, is used to measure tcpO 2 . Usually tcpO 2 is investigated after skin heating (43-45°C), but measurements at body temperature also have been performed. It was shown that tcpO 2 mainly correlates with nutritive skin perfusion. 88 In the gaiter area of normal skin, tcpO 2 was reported to be 56.8 Ϯ 9.9 mmHg (mean Ϯ SD). 89 Bollinger and his group reported a low tcpO 2 during skin heating in moderate and severe chronic venous insufficiency. 33, 50 These findings are in contrast to those of Dodd et al, who registered higher tcpO 2 values in patients with chronic venous insufficiency than in controls. 90 However, tcpO 2 was reported to correlate with skin changes, capillary densities and to some degree with the presence of fibrin cuffs. [91] [92] [93] Non-invasively measured tcpO 2 is similar to partial oxygen tensions determined by the use of needle probes. 68 Nevertheless, venous oxygen tension in the blood of patients with post-thrombotic syndromes does not correlate with non-invasively measured tcpO 2 . 94 In regions without visible capillaries, such as in white atrophy, tcpO 2 is almost 0 mmHg. 52 In contrast, in venous ulcers, usually a tcpO 2 of more than 0 mmHg is found. However, lower tcpO 2 values were found in venous ulcers and their edges than in other skin regions of the same leg or in controls. 24, 95 However, in venous ulcer areas without granulation tissue, no capillaries were seen (Figure 3d and 4 ). 4 In skin around venous ulcers, tcpO 2 shows a great deal of variability. 96 In healed former ulcer areas, tcpO 2 is still lower than at wound edges. 24 Similar to laser Doppler fluxmetry, provocation tests can be performed using tcpO 2 . The provocation test of the postural vasoconstrictor response investigated by tcpO 2 showed the response to be intact. 57, 90 However, contrary findings were described by other authors who reported an increase in tcpO 2 after leg dependency. 97 Temperature provocation of the skin shows a lower increment of tcpO 2 in patients suffering from venous ulcers as a result of high levels before heating. 23
Microcirculation in venous ulcers
Theories concerning the pathophysiology of skin microcirculation and findings in skin affected by chronic venous insufficiency have been described in several reviews. 3, 35, 59, [98] [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] Nevertheless, data concerning microcirculation within venous ulcers are rare. However, in a recent study, the pattern of nutritive and subpapillary microcirculation in venous ulcers and their surrounding skin was examined. Examination was performed by means of capillary densities as found by capillary microscopy and laser Doppler flux of areas of interest as determined by laser Doppler imaging. 4 The ulcers investigated were analyzed in two separate areas. In accordance with their macroscopic appearance and histological findings, ulcers were divided into pale (no granulation tissue) and erythematous (granulation tissue) areas. In respect to the distance from the ulcers' borders (3-15 mm or 25-15 mm), skin areas were termed adjacent or distant. The findings in the described areas and their possible pathophysiologic significance may be summarized as below (Figures 4, 5 and 6 ).
In ulcer areas without granulation tissue, very poor nutritive microcirculation is combined with moderate subpapillary flow. The very poor nutritive perfusion indicates insufficient blood supply and could therefore explain the development of venous ulcers at a certain location. Subpapillary perfusion is still moderate and may therefore have minor or no effect on the formation of ulcers. However, this moderate subpapillary perfusion is likely to be the basis of the subsequent development of granulation tissue in this area.
In ulcer areas with granulation tissue, the second lowest nutritive perfusion is found in or around venous ulcers. It is higher than that in ulcer areas without granulation tissue, but lower than that in skin areas. The few visible capillaries are embedded in heavy microedema. They appear enlarged and dilated. These visible capillaries may indicate the beginning of wound healing induced by an increase in perfusion and nutrition.
Subpapillary perfusion is relatively high, similar to that in distant skin (see below). One might conclude that, in the subpapillary network of microcirculation, blood is accumulated and finally transported to capillaries.
In adjacent skin, high nutritive and moderate subpapillary perfusion are combined. High nutritive perfusion indicates adequate blood supply of tissue, which is similar to Vascular Medicine 2001; 6: 169-179 that of normal skin. 49 Adequate blood supply at the nutritive level could explain why only a moderate subpapillary perfusion is required. Macroscopically, granulation tissue is substituted by an intact scar. The scar in combination with the microcirculatory pattern indicates that the healing process has been completed.
In distant skin, moderate nutritive and relatively high subpapillary perfusion are combined. These findings are in accordance with the microcirculation of skin altered by chronic venous insufficiency as described earlier.
Conclusion
This review emphasizes that the terminal vascular bed plays an important role in the development of skin changes in chronic venous insufficiency. However, our knowledge of the pathophysiology of chronic venous insufficiency is still incomplete. Further research in clinical and experimental microcirculation is needed. Such research should throw light on the initial injury of the terminal vascular bed by venous hypertension. In a further step, a vasculotropic agent that prevents the initial injury in venous microangiopathy should be looked for.
